BACKGROUND: neoadjuvant chemoradiotherapy before total mesorectal excision for rectal cancer is associated with improved local tumor control, primary tumor regression, and pathologic downstaging. therefore, tumor response in the bowel wall has been proposed to be used to identify patients for organ-preserving strategies.
mesorectal excision (tme). multidisciplinary treatment with CXRt has been associated with improved local tumor control with the added effect of tumor regression and potential for downstaging. 1 in fact, the response to neoadjuvant treatment has been shown to be a surrogate for long-term outcomes. 2, 3 Based on this finding, and in an effort to avoid the potential morbidity and impaired long-term functional outcomes associated with radical resection, there has been an increasing interest for organpreserving strategies with local excision or watchful waiting in the management of patients with rectal cancer and good response to neoadjuvant CXRt. 4, 5 furthermore, these patients with a good response (ypt0-2,n0) to neoadjuvant CXRt have a low risk for both local recurrence and distant failure following tme in comparison with patients with poor response. 2, 3, 6 Because at pathologic evaluation approximately 50% of patients treated with neoadjuvant CXRt will have ypt0-2 disease and approximately 15% to 20% of all treated patients will have a pathologic complete response (ypt0n0), such a strategy has the potential to impact a large number of patients with rectal cancer.
however, one important determinant of local and distant recurrence risk may be the status of the mesorectal lymph nodes. a major effect of the tme technique is the complete excision of the tumor and associated mesorectum, both with wide clearance around the tumor avoiding a positive resection margin, and also with complete excision of potentially tumor-bearing mesorectal lymph nodes. although response at the primary tumor site within the bowel may provide insight into the status of residual disease within the mesorectum, before the residual tumor within the bowel wall (ypt status) can be used to stratify subsequent treatment, the potential for mesorectal nodal involvement must be assessed. however, the reported rate of metastatic lymph nodes in ypt0 tumors ranges from 2% to 17% leading some groups to consider organ preserving and "wait and see" strategies within this group. 3,4,7-10 still others have explored organ-preserving strategies even for patients with residual ypt1-2 tumors after neoadjuvant CXRt, although less is known about the incidence and impact of ypn+ disease among these patients. 11, 12 therefore, the purpose of this study was to determine the incidence of residual lymph node involvement following neoadjuvant CXRt among patients with ypt0-2 residual tumor within the bowel wall and to comparatively assess their oncologic outcomes following tme.
METHODS

Patients
We performed a retrospective consecutive cohort study of patients with biopsy-proven, locally advanced (stage cii-iii) rectal cancers treated with preoperative CXRt followed by radical resection at the university of texas mD anderson Cancer Center between 1993 and 2008 who were identified from our colorectal cancer database and tumor registry. Patients with ypt0-2 posttreatment status were examined in detail for the primary analysis and compared with those with ypt3-4 tumors. Patients with concurrent distant metastasis at diagnosis, or those with concurrent iBD, hereditary colorectal cancer syndromes, concurrent malignancy, emergent surgery, previous history of immunotherapy or radiotherapy to the pelvis, or previous history of malignancy were excluded. this study was approved by the mD anderson institutional Review Board.
Clinical Staging, Treatment, and Pathologic Evaluation
all patients underwent physical examination including full colonoscopic evaluation to exclude synchronous tumors, as well as digital rectal examination and proctoscopic evaluation to identify the tumor distance from the anal verge. Pretreatment clinical stage was assessed based on endorectal ultrasound, high-resolution rectal cancer mRi, or Ct. Patients were treated with neoadjuvant CXRt with a median radiotherapy dose of 50.4 Gy and concurrent chemotherapy (mainly single-agent infusional 5-fluorouracil or capecitabine). operations using tme principles generally were performed 6 to 8 weeks after the completion of chemoradiotherapy.
standard pathologic tumor staging of the resected specimen was performed in accordance with the guidelines of the College of american Pathologists, with histopathologic diagnosis performed by dedicated Gi cancer pathologists. 13 Patients were categorized according to ypt stage and by the presence of lymph node metastasis. all tumors were wholly submitted for evaluation (in the event of clinical complete response, the entire scar was submitted) and serially sectioned every 2 to 3 mm. all lymph nodes were examined with 1 to 3 separate sections per node. Postoperative follow-up consisted of routine clinical examination with Cea measurement every 3 to 6 months and cross-sectional imaging every 6 to 12 months for 5 to 7 years.
Statistical Analysis nonparametric data were compared by using the Wilcoxon rank-sum test, categorical data were summarized by frequency within each cohort, and comparisons were performed by using the χ 2 test for proportions. for recurrence-free survival (Rfs) analysis, cases were identified as failures at the time of disease recurrence or death from any cause (ie, noncancer deaths were not censored). five-year local recurrence and Rfs rates were determined by the Kaplan-meier method, and univariate comparisons were performed by using the log-rank test. Cox proportional hazards regression analysis was performed for multivariate comparisons with the final model developed by using backward selection starting from the fully saturated model and with inclusion of additional clinically relevant terms. p values of <0.05 were considered significant.
RESULTS
Patient Population and Tumor
Characteristics among a total of 725 patients who had been treated for rectal cancer with neoadjuvant CXRt during the study period, 406 had pathologically proven ypt0-2 cancers and were included in our primary analysis. median follow-up time for the ypt0-2 cohort was 79.5 months (interquartile range (iQR), 47-126 months) and was not different between the ypn0 and ypn+ groups (p = 0.84). the median age was 57 years (iQR, 48-66 years). most tumors were located in the mid and distal rectum with a median distance from the anal verge of 5 cm (iQR, 3-8 cm). the majority of the patients on preoperative evaluation were clinically node positive. the median dose of delivered radiation was 50.4 Gy (iQR, 45-52.5 Gy), and surgery was performed at a median of 7 (iQR, 6-8) weeks after completion of chemoradiotherapy. all patients underwent total or tumor-specific mesorectal excision depending on the extent of the tumor. three hundred patients (73.9%) underwent a sphincter-preserving operation (table 1) . the cohort with ypt3-4 residual disease was similar with respect to age and tumor location, but, because of the the poorer survival, median follow-up was shorter at 57 months (iQR, 36-90 months).
Pathologic Results and Tumor Characteristics
Within the primary study cohort of ypt0-2 patients, the median total number of lymph nodes examined was 11 (iQR, 6-15) and did not differ between the ypn0 and ypn+ patients. most patients were ct3-4 before neoadjuvant treatment (91%, 86%, and 86% for ypt0, ypt1, and ypt2) indicating significant tumor downstaging. overall, 66 (16.3%) patients had lymph node metastasis. Patients with higher ypt categories following chemoradiotherapy were more likely to also have positive ypn status (p < 0.001). By ypt stage, the numbers of ypn+ tumors were 13 (9.1%) for ypt0, 12 (17.1%) for ypt1, and 41(20.8%) for ypt2. as expected, when positive lymph nodes were present, the median number of positive nodes was 1 (iQR, 1-2) for ypt0-2 and 2 (iQR, 1-3) for ypt3-4. Patients were categorized into 2 groups based on the identification of lymph node metastasis: ypn0 and ypn+. median age and sex were not significantly different between groups. the presence of lymphovascular invasion was more frequently observed in the ypn+ group (p < 0.001). the patients who were ypn+ were also more likely to have been cn+ (62% vs 51%). treatment factors that did not differ between the 2 groups included the total dose of radiation, the time interval between treatment and resection, and whether or not adjuvant chemotherapy was given. although a singleagent fluoropyrimidine (5-fluorouracil or capecitabine) was the most common regimen, there was an association between receipt of combination chemotherapy that included oxaliplatin and ypn+ status, but this difference was small (table 1) .
Recurrence and Survival
Recurrences were observed in 44 patients overall; 6 had local recurrence only, 34 had systemic recurrence only, and 4 had both local and systemic recurrences. overall, the 5-year risk for local recurrence was 2.0% among ypt0-2n0 patients and 5.5% among ypt0-2n+ patients (p = 0.038). Recurrences were local only in 3 of 340 ypn0 patients and in 3 of 66 ypn+ patients. Distant recurrences occurred in 27 ypn0 and 7 ypn+ patients (table 2) .
for the cohort of ypt0-2 patients, overall survival and Rfs at 5 years were 87.5% and 83.6%. stratified by ypn status, the 5-year Rfs rates were 85.2% and 79.6% for the ypt0-2n0 and ypt0-2n+ groups (p = 0.28). in contrast, the 5-year Rfs rates were 66.7% and 50.4% for the ypt3-4n0 and ypt3-4n+ patients (p = 0.010) ( fig. 1) .
the results of the multivariate Cox regression analysis for Rfs are shown in table 3. in adjusted analysis, Rfs was not associated with lymph node metastasis in patients with ypt0-2 disease (hR, 1.29; 95% Ci, 0.77-2.16; p = 0.37), although among patients with ypt3-4 disease, adjusted 5-year Rfs was significantly lower in patients with lymph node metastasis (hR, 1.51; 95% Ci, 1.07-2.13; p = 0.019). five-year Rfs for patients with ypt0-2n+ was higher than the 5-year Rfs of patients with ypt3-4n0, but this did not reach statistical significance (hR, 1.41; 95% Ci, 0.84-2.38, p = 0.19).
DISCUSSION
the results of the present study show that, among patients with locally advanced rectal cancer with a good response to neoadjuvant CXRt who have ypt0-2 residual disease following neoadjuvant CXRt, 1 in 6 patients will have histologically confirmed residual lymph node metastases. even among patients who have complete tumor regression within the bowel wall following neoadjuvant CXRt, at least 1 in 11 will have histologically confirmed lymph node metastases. Despite this risk, multidisciplinary treatment that includes surgical resection with tme is associated with excellent long-term outcomes with no significant differences in Rfs for patients who have ypt0-2n+ disease in comparison with those who have ypt0-2n0 disease. this demonstrates the potential curative role of complete resection of the primary tumor and the associated lymph node basin even among patients with demonstrated residual lymph node disease.
it has been increasingly recognized that the response to neoadjuvant CXRt is an important surrogate indicator of long-term outcomes. 2, 3 it is, in part, based on this observation that there has been a growing interest in organ-preserving strategies without mesorectal excision for patients with good clinical response to neoadjuvant CXRt and confirmed to have ypt0 to ypt2 residual disease. however, before considering strategies that exclude mesorectal excision, the risk for lymph node disease must be characterized. the presence of lymph node metastases is generally accepted to be one of the most important prognostic factors for patients with rectal cancer, and the decrease in local recurrence risk with tme is largely attributable to en bloc removal of the mesorectum and its lymph nodes. 14, 15 unfortunately, no reliable technique currently exists to predict the status of the bowel wall or mesorectum following neoadjuvant CXRt without definitive resection. Complete clinical responses may be identified in 4% to 27% of patients, but, despite a clinical complete response, residual tumor within the bowel wall may still be a significant concern. 16-19 furthermore, despite advances in technology, there still remains no reliable preoperative imaging modality that can predict pathologic complete response and mesorectal sterilization. 20- 24 We have previously observed an apparent nodal sterilization rate of 56% among cn+ patients. 3 as a result, there has been great interest in assessing the status of the tumor in the bowel wall by biopsy or local excision as a marker of the status of the mesorectum and some teams have advocated local excision alone for tumors that are ypt0-2. unfortunately, the results of this study show that despite significant response within the bowel wall, residual lymph node metastasis is not an ignorable concern.
the rate of lymph node metastasis among patients with ypt0 disease in previous reports has ranged from 2% to 17%. 25, 26 Because of the relative rarity of this event, and generally small sample sizes, there has been significant variation in this estimate; however, our identification rate of 9.1% is in line with one of the largest pooled datasets that reported a rate of 8.7% among 333 ypt0 patients, and our own previous report of 122 patients with ypt0-2 cancers, as well. 16, 26 as with previous reports of lymph node involvement among ypt1-2 patients, we have demonstrated a positive association with advancing ypt stage; however, our observed rates of 17.1% for ypt1 and 20.8% for ypt2 patients are higher than previous estimates of approximately <10% among ypt1 and approximately 20% among ypt2 patients. 8, 25 this may, in part, be due to issues related to smaller sample size in previous studies, pretreatment tumor burden, or the completeness of the lymph node evaluation, although the median number of 11 lymph nodes examined is in line with most previous reports. furthermore, the median time to resection following completion of CXRt of 7 weeks is also in line with previous reports. our institutional protocol has been to entirely embed the primary tumor and lymph nodes for serial sectioning, and the resultant standardized approach may have improved the detection rate; however, the rate of bowel wall sterilization (ypt0) was comparable to prior reports. a standardized surgical approach with tme or tumor-specific mesorectal excision may also have contributed. finally, nearly 20 patients with ypt0 disease were treated with local excision for reasons of comorbidity or refusal of radical resection during the study period. 27 even in the unlikely circumstance that all of these patients were ypn0, the rate of ypn+ would still have been 8%. Regardless, the results indicate that in patients treated with preoperative chemoradiotherapy, despite a good response within the bowel wall, there remains a significant risk for residual mesorectal lymph nodal disease. When the multidisciplinary treatment approach for these patients includes definitive resection, however, there is excellent disease control with low rates of local or distant recurrence. in fact, a difference in Rfs could not be observed among ypt0-2n+ patients in comparison with the ypt0-2n0 group (hR, 1.35; 95% Ci, 0.80-2.27). Consistent with a previous report from population-based data, for patients with poor response to CXRt with ypt3-4 tumors, residual lymph node involvement was correlated with decreased Rfs despite radical resection. 28 although patients who are pt1-2n1 without preoperative CXRt may also have favorable local disease control with tme, their risk for distant failure is significantly higher than for those patients who are pt1-2n0. 29 furthermore, data from the Dutch tme trial demonstrates that despite preoperative radiotherapy, lymph node metastasis remains a major determinant of local control. 30 thus, it may be postulated that the local and systemic disease risk among patients with moderate response to neoadjuvant CXRt and resultant ypt1-2n+ disease may be effectively controlled by complete surgical resection, supporting the need to include the residual mesorectal disease in the treatment strategy. furthermore, the poor subsequent surgical salvage potential for patients who have a recurrence after treatment without definitive mesorectal excision cannot be ignored. 31 however, despite the high risk for mesorectal lymph node involvement, the majority of patients with ypt0-2 disease will still have negative lymph nodes at resection. as a result, several small series of patients treated with organpreserving approaches have shown promising results, but the challenge is to identify patients with ypn+ disease and appropriately select the patients eligible for this approach, because the use of residual tumor within the bowel wall up to ypt2 as criteria would leave an unacceptable number of patients at risk for undertreatment. in fact, the number needed to harm with this approach ranges from only 6 patients with stratification at ypt2 to 11 patients with stratification at ypt0. it is increasingly clear that other imaging and molecular markers identified both before and after treatment will need to be combined with the clinical evaluation to identify eligible patients. 24, 32, 33 furthermore, because of the underlying excellent prognosis of these patients with standard multidisciplinary treatment, any new treatment strategy must be compared with the oncologic outcomes observed with radical resection.
this is one of the largest evaluations of lymph node metastasis among patients with good bowel wall response to neoadjuvant chemoradiotherapy within a single institution. our analysis identified a high risk for residual mesorectal lymph node metastasis among patients even with complete pathologic response. however, complete removal of the mesorectal burden in this population results in excellent disease control and comparable outcomes with patients without lymph node metastasis. Given the uniquely good outcomes with standard therapy among patients with ypt0-2 disease, the use of ypt stage to stratify patients for local excision or a "wait and see" approach risks undertreatment of an unacceptably high proportion of patients. thus, organ-preserving strategies for these patients will need to consider both imaging and molecular biomarkers in addition to clinical response to identify eligible patients.
